This study was conducted with the intention of clarifying the effects of land-use types on a species of ground beetle's richness, abundance, and composition; the study focused on urban landscapes. We also selected the potential bioindicators classifying land-use types; eleven sites were selected from an urban landscape in Korea. Overall, land-use types in urban landscapes did not appear to cause significant decrease in species richness or the abundance of total ground beetle assemblage. According to habitat preferences, several land-use types and distances from the forest significantly affected the species richness and abundance, while the open-habitat species were not affected by these variables. Land-use types were classified into two major groups, forest and non-forest areas, based on ground beetle assemblage; several indicators, such as Dolichus halensis halensis and subfamily Carabinae species, were of particular consideration. In conclusion, environmental change by anthropogenic disturbance can cause different effects on ground beetle assemblages, and forest specialists can be negatively affected.
INTRODUCTION
Urbanization, industrialization, and agriculturalization can cause natural habitats to be destroyed, fragmented, or severely modified. This land-use conversion is the primary factor explaining biodiversity loss (Pearce and Moran 1994, Niemelä et al. 2000) because many species are restricted to small areas or certain types of habitats. They may even be forced to be separated from their preferred habitats (Pyle et al. 1981 , Wilcox and Murphy 1985 , Desender and Turin 1989 .
The urban ecosystem should have valuable green and open areas for human well-being and, thus, often contains gardens, parks, and woods in addition to man-made structures such as roads, commercial, and residential constructions. For animals, including arthropods, green areas in the urban landscape are important for moving around an urban area (Angold et al. 2006 ). However, although the urban green area provides an array of habitats for arthropods (Eversham et al. 1996 , McIntyre 2000 , urbanization is a leading cause of decline in biodiversity and the abundance of organisms (Pyle et al. 1981 , Clark and Samways 1997 , Angold et al. 2006 ) because a manmade environment in a city may be a dispersal barrier to less mobile arthropod species.
Ground beetles, generally consuming insects and types, surveyed altitudes (ALT), and distances from the nearest forest margin (DIST). Fujita et al. (2008) showed that ALT and DIST were significant variables in ground beetle assemblage. Proportions of each land-use type around sampling sites are shown in Table 2 . The criteria for distinguishing sampling areas were the proportion of the land-use types, based on an aerial photograph within 1 km 2 quadrat, which was measured by the GIS database in the Environmental Geographic Information System (EGIS 2011). Choi et al. (2008) suggested that the biotope classification system consists of a 4 step system, including the biotope class (large), biotope group (medium), biotope type (small) and sub-biotope type (detail). We followed Choi et al. (2008) for the criteria of land-use types for land-use analysis in the present study. However, some of their criteria (residential, commercial, industrial, public facility and traffic facility areas) were merged into the proportion of built-up areas (PBA), because the built-up areas do not serve the habitats of ground beetles.
Sampling
Sampling was conducted from July to September in 2008. Ground beetles were collected using pitfall traps. Three pitfall traps were installed 10 m apart in each site and were emptied every month. Each pitfall trap was installed at the center of a sampling site, at least 20 m from the nearest habitat edge. A pitfall trap was composed of other small arthropod species, have been extensively studied because they occur in most terrestrial habitats; their abundance and species composition can be easily monitored by pitfall traps (Lövei and Sunderland 1996) . In some studies, the diversity of ground beetles is often higher in urban areas than in suburban ones (Magura et al. 2004) , and forest fragmentation can lead to an increase in species richness (Halme and Niemelä 1993 , Niemelä 2001 , de Warnaffe and Lebrun 2004 because ground beetles in urban ecosystems include open-habitat species, while there is a decrease in forest specialists across the landscape, from a forest area to an urban one (Ishitani et al. 2003 , Fujita et al. 2008 ). According to Niemelä et al. (2000) , distribution patterns of ground beetles across the urban-rural gradients could prove useful in measuring the urbanization effects on biota. Therefore, ground beetles have often been studied as bioindicators for fragmentation effects along urban-rural forest gradients in many urban landscapes (Alaruikka et al. 2002 , Niemelä et al. 2002 , Ishitani et al. 2003 , Venn et al. 2003 , Magura et al. 2004 , 2008a , 2008b , Weller and Ganzhorn 2004 , Deichsel 2006 , Elek and Lövei 2007 , Gaublomme et al. 2008 ). However, Fujita et al. (2008) argued that more studies regarding various habitat types in urban and rural landscape are necessary.
The objective of this study was to clarify the effects of land-use types on the species richness, abundance, and composition, regarding ground beetles in urban landscapes. We selected the potential bioindicators classifying land-use types.
MATERIALS AND METHODS

Study area and land-use types
The study area was located in the southwestern part of Korea, Jeonju and Iseo-myeon of Wanju-gun (35°43′-35°53′ N, 126°59′-127°14′ E) (Fig. 1) . The area covered 346.7 km 2 , where 262.3 km 2 of the land cover was green space in the form of parks and forests; theurban area covered 42.2 km 2 . The border of the city included approximately 6 km 2 of arable land and 0.3 km 2 of wilderness area. The annual mean temperature and precipitation in the study area were 13.0°C and 1,296.2 mm, respectively.
Eleven study sites were selected according to land-uses, and these were categorized into 4 habitat types: 4 forest areas (F_), 3 agricultural areas (A_), 2 urban roadsides (U_), and 2 riversides (R_). Table 1 shows environmental information for each sampling area, including habitat Table 1 .
